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Il. Introduction.
1.1 Goals and Objectives

The purpose of this manual is to establish uniform policies, criteria, and
methodologies for the planning and design of stormwater detention/retention
facilities within Pima County and the City of Tucson. It is intended that deten-
tion/retention facilities designed in accordance with the guidelines presented
herein will meet the following goals: 1) independently satisfy Pima County andior
City of Tucson floodplain management ordinance provisions with regard to
stormwater detention/retention; 2) resut in detention/retention facilities which
are multi-use and visually appealing; and 3) ensure that the implementation of
stormwater retention facilities will not jeopardize the quality of groundwater

- resources.

A summary of policies and criteria is provided within Section 14. itisim-
portant that this section be thoroughly read and completely understood
prior to applying the design procedures contained within the body of this
manual. One of the major objectives of this manual is 10 provide guidelines
towards ensuring that future detention/retention facilities will be planned and
designed in such a way that they will be considered as amenities by the affected
community. In the attempt to achieve this goal, Chapter 4 provides detailed
poluenesandcntanamgardmgﬁwgmdmgandlandscapmgofpmposeddete»
tion/retention basins for multiple uses.

The technical engineering details associated with the analysis and design of

detention/retention facilities are addressed within Chapters 2 and 3. Much of

the material contained within these chapters is targeted for use by practicing
engineers in the water-resources field, or other individuals with equivalent
knowiedge or training. Consequently, an understanding of the basic concepts
of hydrology and hydraulics has been assumed. No attempt has been made
to discuss the theory or derivations of the methods presented herein; rather, a
simplified step-by-step approach is presented. Should additional information be
desired, the user is encouraged to consult the selected reference list provided
at the end of this manual. Additionally, a technical memorandum which des-
cribes the methodologies used in developing many of the equations and pro-
cedures presented in this manual is on file at the offices of the Pima County
Flood Control District and the City of Tucson Engineering Division.

1.2 Appiicability

The methods and policiés presented within this manual are applicable to the

planning and design of stormwater detention and retention facilities within Pima
County and the City of Tucson, Arizona. Due to both the hydrologic complex-
ities associated with large watersheds and the desire to maintain simplicity within
this manual, the methods of hydrologic and hydraulic analysis presented within
Chapter 2 and Chapter 3 should be applied to watersheds having drainage areas
no greater than one square mile unless specific authorization to the contrary
is granted by the appropriate reviewing agency (i.e., either Pima County or the
City of Tucson). Detention basins which receive runoff from upstream water-
sheds that are greater than one square mile in area shall be considered as
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regional facilities, and generally will be planned and designed in conjunction
with basin-management studies or specific fiood control projects performed
under the direction of Pima County or the City of Tucson. The channel-routing
procedures presented in this manual (such as in Chapter 2) are applicable on-
ly to watersheds of ten square miles or less. For watersheds greater than ten
square miles, more sophisticated mathematical modeling of watersheds is

Chapter 4, which addresses surface treatments, grading, and mutti-use con-
cepts, is also intended to be applicable only to the planning and design of deten-
tion/retention facilities which intercept flow from drainage areas no greater than
one square mile. For the planning and design of regional facilities, the reader
is referred to the document entitied **Guidelines for the Development of Regional
Multiple-Use Detention/Retention Basins in Pima County, Arizona,” available
from the Pima County Department of Transportation and Flood Control District.

- Use of this manual does not supercede the need for acquiring various permits

required for the construction and operation of detention/retention facilities. The
reader is advised that such permits are required by the State and by local govern-

mental agencies. ' -

13 Detention/Retention Concepts

One of the unavoidable consequences associated with the urbanization of
watersheds is an increase in the frequency, magnitude, and volume of runoff
from previously undeveloped drainage areas. Problems associated with
development include increased fiooding, erosion to public and private im-
provements, and diminishing adequacy of storm drains and cuiverts to convey
the increased runoff. in recognition of these problems, Pima County and the
City of Tucson have implemented stormwater detention/ retention requirements,
as one aspect of urban stormwater management, through the inclusion of
specific detention/retention requirements within their respective floodplain
management ordinances. : .

The concept of stormwater detention involves the temporary storage of runoff
for subsequent release, at controlied rates, into downstream conveyance
systems. Retention, however, consists of the on-site storage of runoff which is
not subsequently discharged into a downstream watercourse; but rather may
be consumed by evapo-transporation, domestic re-use, or drained into the sub-
surface through infiltration. Some detention/retention facilities are merely single-
purpose (i.e., for fiood-control uses only). However, it is much more tavorabie,
from both a social and economic standpoint, to provide multiple-use facilities.
Listed below, and illustrated on Figures 1.1 to 15, are some examples of muttiple-
use detention/retention concepts which have been successfully implemented
throughout the country. ' '
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Open Space and Common Areas

Landscaped areas and common areas, typically provided in conjunction with
high-density residential areas, provide an excellent opportunity for deten-
tion/retention of runoff. Such functional open space may be employed to meet
rezoning requirements.

Figure 1.1

Pedestrian Plazas and Courtyards

Similar to common areas in residential areas, pedestrian plazas, courtyards
and landscaped areas can be used for stormwater storage within commer-
cial/industrial areas.

Figure 1.2
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Roadway Embankment Storage

When feasible, use of a roadway fill slope as an embankment provides an
economical means of stormwater storage. This concept has been termed
“blue-green’’ storage in some areas.

Figure 1.3

Parking Lot Detention
Commercial and industrial developments which have large parking lots can
typically utilize these areas very economically for stormwater storage.

Figure 1.4
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Regional Detention Basins

Large-scale detention basins provide an excellent opportunity to develop
regional park facilities and permanent ponds for recreation and open-space
uses.

Figure 1.5

1.4 Policies

This section provides a summary of the general policies relating to stormwater
detention/retention that are in effect for both Pima County and the City of Tuc-
son. The reader is referred to the current Pima County and City of Tucson
Floodplain Management Ordinances for specific requirements and to the ap-
propriate staff for relevant departmental policies, including site-specific policies
not covered in this general document. Many of the policies listed within this
section have also been included in appropriate sections within the body of this
manual.

A Balanced Drainage Basin is one which has been identified as hav-
ing the potential for a severe increase in flood hazards as a result of in-
creased urbanization within the basin. Stormwater detention/retention
facilities shall be incorporated within all new developments to the extent
necessary to ensure that, at a minimum, the post development 2-, 10,
and 100-year peak discharges from the site will not exceed the
predevelopment values.

A Critical Drainage Basin is one which has been identified as already
having severe flooding problems as a result of existing watershed con-
ditions. Stormwater detention/retention facilities shall be incorporated
within all new developments to the extent necessary to ensure a reduc-
tion in the existing 2-, 10-, and 100-year peak discharges from the site.
The amount of reduction required shall be determined by the regulatory
agency which has jurisdiction (i.e., either Pima County or the City of Tuc-
son), and shall typically be based upon the flow capacity of a critical chan-
nel reach or critical drainage structure located downstream of the storm-
water detention/retention facilities.
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Stormwater detention criteria may be waived for certain developments
that meet the hydrologic criteria presented within Section 23 of this
manual, with approval of the regulatory agency.

Stormwater detention requirements may not be waived if the proposed
development is located within a critical basin and any portion ofacritical
channel reach or a critical drainage structure is located downstream of
the development or if other conditions exist which the County or City
Engineer deem justifiable for requiring detention. :

Threshold retention systems which retain, at a minimum, the volumetric
difference between the developed and existing 2-year runoff or the dif-
ference in peak discharges, whichever is greater, shall be incorporated
within all new developments which meet the following criterion:

Any residential development larger than one acre insize which has
adensity three to six units per developed acre, and that are located

within a watershed which has not been classified as a critical or

balanced basin.

Threshold retention systems which retain, at a minimum, the volumetric
difference between the developed and existing 5-year runoff or the dif-
ference in peak discharge, whichever is greater, shall be incorporated
within all new developments which meet the following criteria:

All commercial or industrial developments larger than one acre in
size.

Any residential development larger than one acre in size which has
a density greater than six units per developed acre.

Any residential development larger than one acre in size which has
a density greater than three units per developed acre, and thatare
located within a watershed which has been classified as a critical
or balanced basin. This criterion may also be applied, atthe discre-
tion of the appropriate reviewing agency (i.e., either Pima County
or the City of Tucson), to drainage basins which have not been
previously identified as being “critical’ but are not currently con-
sidered suitable for additional urban development without more
thorough study. :

In locations where stormwater retention is not feasibie due to physical
constraints (e.g., close proximity of bedrock or groundwater), the following
additional detention requirements may be imposed in lieu of threshold
retention: ’ .

The detention requirement will be, at a minimum, the difference in
volume between the developed and the existing 2-year runoff
volumes or the difference in peak discharges, whichever is more
restrictive, with the difference in volume and/or peaks between the
developed and the existing 5-year runoff volumes being the max-
imum to be detained. The maximum peak discharge to be released
from a detention basin is one (1) cfs in a drainage basin designated




as “balanced” or “‘critical” and three (3) cfs in a non-designated -
drainage basin, with exceptions to be determined by the Pima
County or City of Tucson Engineer. The 2-year/S-year criteria shall
be applied in the same manner as it is applied for estabiishing
threshold retention requirements. ' ’

Detention/retentiori systems which utilize a method of subsurface
disposal (e.g., dry wells, engineered basin floors, trenches, etc.)shall be
located such that the infiltration surface will be a minimum distance, both
horizontally and vertically, from any functioning water well. The Pima
County Flood Control District or the City of Tucson Engineering Divison
should be contacted regarding the applicable criteria to be used for the
specific type of development proposed.

Infiltration rates of dry wells, infiltration trenches, or basin floors shall not
be used as outfiow rates in flood-routing procedures.

‘On-line detention facilities shall not be allowed on channeis which drain
a catchment area greater than 100 standard acres in size upstream of
the detention-basin outlet structure(s), uniess approval to do so is first
granted by the appropriate reviewing agency (i.e., either Pima County
or the City of Tucson). ‘

The use of rooftops as storage areas for runoff is not an acceptable
method of meeting the detention/retention criteria of either Pima County
or the City of Tucson.

Individual lot-storage systems within single-family residential
developments are not acceptable for meeting the detention/ retention
criteria of either Pima County or the City of Tucson.

Maintenance of local detention/retention facilities, provided in conjunc-
tion with new developments, shall generally be the responsibility of the
private property owner or neighborhood association. Records of annual
maintenance procedures shall also be kept on file by the private property
owner or neighborhood association for periodic review by the appropriate
agency (i.e., Pima County or the City of Tucson). The appropriate review-
ing agency shall also reserve the authority to periodically inspect
privately-owned detention/retention facilities to ensure satisfactory
maintenance is being provided. There may be instances where public
ownership and maintenance may be appropriate, and shall be handied
on a case-by-case basis.

Access shall be provided to all detention/retention facilities, as needed,
for maintenance purposes. The appropriate reviewing agency (i.e., either
Pima County or the City of Tucson) should be contacted regarding
specific access requirements.

Channel design, in conjunction with detention/retention facilities, should
be undertaken only after first giving consideration to the following recom-
mended hierarchy: 1) natural channels, 2) channeis with grade-control
structures, 3) fully-lined channels. in other words, a natural channel
design should be considered first, uniess stability problems absolutely
dictate the need for grade controis or full channel lining.
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- Detention/Retention basins should be designed for multiple uses where

feasible. :

Grading requirements for detention/retention facilities are provided within
this chapter and within Chapter 4. All applicable grading ordinances and
policies of the appropriate reviewing agency should aiso be met.

| Landscaping of detention/retention facilities should incorporate the
design criteria established within Chapter 4 of this manual.

The Pima County or City of Tucson Parks and Recreation Department
should be contacted regarding proposed stormwater detention/retention
in designated public areas within residential, commercial, and industrial
developments.

The policies, criteria, and requirements stated within this manual are in-
tended as minimum standards. More specific or restrictive requirements
~ may be developed for individual watersheds in conjunction with the
undertaking of specific basin-management studies, rezoning re-
quirements, area-plan policies, or community-plan policies. The specific
requirements developed as a part of any basin-management plan that
may be adopted by either Pima County or the City of Tucson shall
supercede the more general requirements presented within this manual,
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15 Glossary of Terms

The following glossary contains terms which may be found ihroughput this
manual. In certain instances, the definitions provided represent a specific con-
notation of the term as it is used within the manual. .

Balanced Basin — A watershed or sub-watershed whichh’asbeeniden—
tified as having the potential for a severe increase in fiood hazards as
amultofincraasodurbamutionwnhinmebasin.' o

Basin Floor — A rock-filled volume within the bottom of a stormwater
storage facility, and designed for the purpose of temporarily storing runoff
and subsequently disposing of same by the process of infiltration into
the subsurtace.

Concentration Point — A hydrologic term which describes any specific
point within a watershed where the surface drainage is to be analyzed.

Critical Basin — A watershed or sub-watershad which has been iden-
‘tified as having severe fiooding problems as a result of existing water-
shed conditions. : .

Culvert — A short, closed conduit, typically designed for conveying flow
through an embankment. : ~

Drainage Basin — A geographical area which contributes surface runoff
to a particular point of interest. The term “‘drainage basin™ and “‘water-
shed" are used imterchangeably within this manual

Dry Well — An engineered hole with grated inlet designed to accept
stormwater runoff, thereby allowing it to drain into the subsurface strata
which lie immediately above the groundwater table. ‘

Embankment — An artificial mound of earth which can actto impound
water. ' '

Emergency Spiliway — An outflow spiliway from a stormwater storage
facility which is provided to allow for the safe overfiow of floodwaters
should situations arise that were not taken into account under normal
design assumptions.

Flow Hydrograph — The functional relationship between time and flow

discharge, as observed at a particular point within a watershed.

Hydrographs are typically represented either graphically or in tabular
_ form. :

Flood Peak — The largest value of the flow discharge which occurs dur-
ing a flood event, as observed at a particular point within the watershed.

Fiood Routing — The mathetnatical simulation of a flood wave as it
moves downstream through a watercourse or detention basin.
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infiltration — The movement of water through the surface of the soil.
in this manual, the terms *‘percolation’ and “infiltration” will be usedin-
terchangeably; however, strictly speaking, the term *‘percolation” is
defined as the movement of water through soil strata (i.e., water infiltrates
through the soil surface, and then percoiates through the underlying
strata).

infiltration Trench — A rock-filled trench, possibly containing a per-
forated pipe, designed for the purpose of temporarily storing runoff, and
then subsequently disposing of it into the subsurtace by infiltration.

Inﬂow-Runoffwhichﬂws into a stormwater storage facility from the

Multi-Purpose Basin — A detention/retention basin which provides
benefits in addition to the primary function of flood control. Such benefits
may include recreation, water harvesting, visual buffers, or parking.

Ofi-Line Detention/Retention Basin — A stormwater storage facility
which is located near or adjacent to a watercourse, (i.e., the channel does
not fiow directly into the basin). Inflow to the basin is typically accomplish-
ed by means of side weirs.
%

On-Line Detention/Retention Basin — A stormwater storage facility
which is located within the path of a watercourse, and thereby typically
intercepts the entire flow from the upstream watershed.

Ofi-Site Drainage — Stormwater runoff emanating from remote areas
_ which affect the site under investigation.

On-Site Drainage — Stormwater runoff which emanates directly from
the site under investigation. ’

Orifice — A small hole designed for draining a shrmwater storage
facility. '

Outfiow — Runoff which exits a stormwater storage facility by means
of an outlet structure.

Outlet — The point at which stormwater runoff flows out of a deten-
tion/retention facility. Outlets may consist of culverts, weirs, orifices, dry
wells, etc., or any combination thereof.

Return Period — The average interval of time within which a particular
magnitude of flood should be equalled or exceeded at least once (e.g,
a fiood magnitude having a return period of 100 years will be equalied
or exceeded, on the average, once every 100 years).

Rise Time — The time interval from the beginning of runoff to the time
of peak discharge, as represented by the ﬂood» hydrograph.

Scour— The removal of material from the bed and banks of a channel
as a result of flowing water.

10
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Sediment Trap — An area within a stormwater storage tacility which is
designed to trap the majority of incoming sediments for the purpose of
facilitating maintenance.

Stage — The height of water within a stormwater storage facility, as
measured above an established datum.

Stormwater Detention Basin — A facility which temporarily stores sur-
face runoff, and then releases it at a controlled rate through a positive
outlet.

Stormwater Retention Basin — A facility which stores surface runoft,
but is not provided with a positive outiet. No flow is discharged directly
into a downstream watercourse from a retention basin, but may be drain-
ed into the subsurface by infiltration.

Subsurface Disposal — Drainage of stormwater runoff into the subsur-
face by the processes of infiltration'and percolation. This may be ac-
complished through use of dry wells, engineered basin floors, infiltra-
tion trenches, etc. '

Threshold Retention — A provision which requires retention of the
volumetric difference, or the difference in peak discharge, whichever is
greater, between the pre- and post-development onsite runoff volumes
for the 2-year to S-year flow events. ‘

Time of Concentration — The time required for surface runoft to travel
from the hydraulically most remote part of the drainage basin to the point
of concentration. S

Trash Rack — A metal bar or grate structure located at the inlet of an
orifice or cuivert, and designed so as to prevent blockage of the inlet by
water-borne debris.

Weir (Broad Crested) — An open-channel control section, with a
horizontal crest above which fluid pressure may be considered
hydrostatic. it is normally placed across a stream or a ditch either for the
purpose of diverting or for the purpose of measuring the fiow of water.
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1.6 List of Symbols

12

Watershed area.

Fractional portion of a dramage basin which contributes
sediment. :

Weighted runoff coefficient.

Weighted runoft coefficient for developed site conditions.
Weighted runoff coefficient for existing site conditions.
Watershed basin factor.

'Detan'aon basin outfiow.

Precupmn depth at t,. » ,
Precipitation depth for n-year storm.
t-hour rainfall depth, for 100-year storm.

'One-hour rainfall depth.

Discharge at time t.

Detention basin inflow.

Peak outfiow from detention basin.

Peak discharge.

Detention basin storage for a particular routing time interval.
Fiow travel time.

Time from beginning of runoff.

Flow travel time between points A and B

Time of concentration.

Hydrograph rise time.

Rise time of the 100-year synthetic flood hydrograph for on-site
drainage.

Rise time of the 100-year synthetic flood hydrograph for an en-
tire watershed.

. Routing time interval.
~ Runoff volume at time 1.

Runoff volume.

Estimate of storage volume required for detention.
Required storage volume for retention.

Estimate of total required storage volume.

Additional detention/retention basin volume required to ac-
count for sedimentation impacts.
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ll. Detention/Retention Requirements

2.1 Balanced and Critiéal Basins

Balanced and Critical Basins refer to those watersheds which havpbeen iden-
tified as either already having severe flooding hazards, or having a high pro-
bability of increased flood hazards as a result of future urbanization. Storm-
water detention/retention is required for all new development proposed within
both Balanced and Critical Basins, regardiess of size or land-use density. The
- appropriate reviewing agency should be contacted for a list of basins
designated as critical or balanced and maps showing locations of the basins.
The future classification of basins as *‘critical” shall typically be done so in
conjunction with basin-management studies of the affected watersheds.

Balanced Basin

A Balanced Basin is one which has been identified as having the poten-
tial for a severe increase in fiood hazards as a result of increased ur-
banization within the basin. Stormwater detention/retention facilities shall
be incorporated within all new developments to the extent necessary to
ensure that, at a minimum, the post-development 2-, 10-, and 100-year
peak discharges from the site will not exceed the pre-development
conditions.

Critical Basin
A Critical Basin is one which has been identified as already having severe
fiooding problems as a result of existing watershed conditions. Storm-
water detention/retention facilities shall be incorporated within all new
developments to the extent necessary to ensure a reduction in the ex-
isting 2-, 10-, and 100-year peak discharges from the site. The amount
_ of reduction required shall be determined by the regulatory agency which
has jurisdiction (Pima County or City of Tucson), and shall typically be
based upon the flow capacity of a critical channe! reach or critical
~drainage structure located downstream of the stormwater detention/
retention facilities. '

2.2 Threshold Retention

Threshold retention systems must be incorporated within residential
developments which are larger than one acre in size and planned for three
or more units to the acre, and within all commercial orindustrial developments
larger than one acre in size. Threshold retention is required in order to mitigate
" the effects of urbanization upon increasing fioodwater volumes, as well as for
the purpose of enhancing groundwater-recharge potential. The retention re-
_quirement will be, at a minimum, the volumetric difference between the
_ developed and existing 2-year runoff. The volumetric difference between the
~ developed and existing 5-year runoff will be the maximum required to be re-
tained. The 2-year pre-development discharge must be allowed to exit reten-
tion facilities, if it is necessary to maintain downstream, riparian vegetation.

The 2-year threshold retention criteria shall apply to the followmg types of
developments:
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Any residential development hrgér than one acre in size which has a
density of three to six units per developed acre, and that is located
within a watershed which has not been classified as a critical or balanced

basin.

The 5-year threshold retention criteria shall apply to the following types
of developments:

All commercial or industrial developments larger than one acre in size.

Any residential development larger than one acre in size which has a
density grea:e;‘man six units per developed acre. ‘ «

Any rasidehtig’i development larger than one acre in'size which hasa
density greater than three units per developed acre, and that is located
within a watershed which has been classified as a critical or balanced

‘basin.

Threshold retention requirements may be waived in certain cases when storm-
water retention is not feasible due to constraints imposed by subsurface con-
ditions (e.g., close proximity of bed rock or ground-water table). in such cases,
the following detention criteria may be imposed in lieu of threshoid retention
requirements, and in addition to any other appiicable detention requirements:

The detention requirement will be, at a minimum, the difference in volume
between the developed and the existing 2-year runoff volumes or the
difference in peak discharges, whichever is more restrictive, with the dif-
ference in volume and/or peaks between the developed and the existing
5-year runoff volumes being the maximum to be detained. The maximum
peak discharge to be released from each detention basin is one (1) cfs
in a drainage basin designated as “balanced" or “‘critical’ and three
(3) cfs in a non-designated drainage basin, with exceptions to be deter-
mined by Pima County or the City of Tucson. A percolation test and/or
hydrogeological site analysis is required to validate a request for provi-
sion of on-site detention of runoff in lieu of retention.

2.3 Location Within Watershed

The criteria presented within this section of the manual can be used to deter-
mine if stormwater detention requirements may be waived for a particular
development. In certain circumstances, urbanization of parceis of land located
at the extreme downstream end of a watershed will not create increases in
flood peaks before the flow has entered a “‘major channel,” where the effect
upon any potential increase in the peak fiow rate of the *‘major channe!” would
be inconsequential in any event. For purposes of this analysis, the term “‘ma-
jor channel” refers to watercourses having drainage areas of 100 square miles
or larger at the point that the criteria provided within this section is applied.
This includes, but is not necessarily limited to, the following watercourses:

Santa Cruz River ‘ Tanque Verde Creek
Rillito Creek Brawiey Wash
Pantano Wash Altar Wash ‘

Canada del Oro Wash
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However, when applying the criteria presented within this section, approval
by the regulatory agency which has jurisdiction over the affected portion of :
the basin in question must be obtained prior to the classification of any addi-
tional watercourse as a “major channel.” In certain instances, approval may
be granted for other watercourses which demonstrate adequate downstream
capacity to convey the 100-year flood peak to a iogical downstream conclu-
sion under conditions of ultimate watershed urbanization.

if either one of the two criteria presented within this section are satisfied, storm-
water detention requirements may be waived for specific developments. This
section applies only to stormwater detention. Threshold retention requirements
shall remain unaffected by the application of these criteria. Additionally, as
previously stated, stormwater detention requirements may not be waived if
the proposed development is located within a critical basin and any portion
of a critical channel reach or a critical drainage structure is located downstream
of the development, or if other conditions exist which the County or City
Engineer deem justifiable for requiring detention.

Criterion 1

Stormwater runoff discharges directly from the proposed development
into a watercourse which meets the criteria of a “‘major channel,” as
defined in Section 23. -

Criterion 2 '
A.  Equation 2.1, as expressed below, is satisfied.

B. Ifthe proposed development is located on a secondary tributary
channel of the ‘*major channel” (e.g., Channel #2 of Figure 2.1)
then it must be demonstrated that the secondary tributary has ade-
quate capacity to convey the future 100-year flood peak emanating
from that portion of sub-watershed which contains not only the pro-
posed development, but all areas upstream thereof. For instance,
segment BC of Channel #2, in Exampie 2.1, must have adequate
capacity to convey a 100-year flood peak emanating from those
areas draining into Channel #2 upstream of Point C, based upon
conditions of ultimate watershed urbanization. However, in this ex-
ample, it wouid not be required to demonstrate that segment AB
of Channel #1 had adequate capacity, since fiood peaks would not
be increased on this ‘primary’ tributary as a resutlt of the propos-
ed development (i.e., provided Equation 2.1 is satisfied). '

Note: For purposes of this manual, the term *“‘primary tributary* refers
to a channel which flows directly into a *‘major channel.”” A secondary
tributary is one which flows directly into a primary tributary, etc. Streets
may not be considered as tributaries.
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Equation 2.1 is expressed as follaws: _

T+

~

< 040

‘Equation 2.1

Where &

T= 100-year flow travel time between the downstream point of the pro-
posed development and the confiuence with a watercourse which
meets the criteria of a “major channel,” as defined in Section 2.3,
The parameter T shall be calculated by means of the “incremen-
tal time of concentration method,” as illustrated in Example 2.1 of
this manual.

T = Rise time of the 100-year synthetic flood hydrograph for on-site
drainage emanating from the proposed development (for
developed conditions). -

T = Rise time of the 100-year synthetic flood hydrograph at its con-
fiuence with the “‘major channel" for drainage emanating from the
entire watershed. In this instance, T;” shall be determined using
the assumption that the entire watershed is fully developed and
uncontrolied (i.e., it should be assumed that no stormwater deten-
tion/retention facilities presently exist, or will exist in the future,
within the watershed).

Note: Equation 2.1 shall only be applied to watersheds having
drainage areas equal to or less than ten square miles at a con-
fluence point with a *‘major channel,” since the synthetic fiood
hydrograph used for this analysis begins to lose its applicability
as the watershed increases in size beyond this limit.

Peak discharges and times of concentration used in this analysis shall be
calculated by the Pima County hydrology method or the City of Tucson Flood
Peak Estimator Procedure. Hydrograph rise times shall be determined by the
method to be subsequently described within Chapter ili of this manual.
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Example 2.1

A 60-acre parcel, proposed for high-density urban development, is located
in the extreme lower portion of a 4033-acre sub-watershed of the Rillito Creek,
which has been identified as a Balanced Basin. Determine if stormwater deten-
tion may be waived as a condition of development (see Figure 2.1).

Applying crlmltm 1

The parcel does not discharge directly into a “‘major channel” (i.e., Rillito
Creek); therefore, Criterion 1 is not satisfied. In this instance, Criterion
2 must be examined. If Criterion 1 had been satisfied the detention re-
quirement would have been waived, and no further analysis would be
necessary.

Criterion 2A
Calculate T: By application of the Pima County Hydrology Method, the
following times of concentration () are caiculated for fully-developed
- Channel #1
tc at Point A = 61 min.
1 at Point B = 57 min.
Channel #2

tc at Point B = 25 min.
tc at Point C = 17 min.

The travel time through the reach of Channel #1 located between Points
A and B (Tpg) is calculated by subtracting the times of concentration at
these two points:

TAB-61 - 57 = 4 min.

The travel time through the reach of Channel #2 located between Points
B and C (Tge) is calculated in a similar manner:

Tge = 25 - 17 = 8 min.

The total travel time (T) for use in Equation 2.1 becomesthe sumofTag
and Tgc:

T=44+8=12min.

Note: Incremental travel times are calculated for each channel segment
located between the *‘major channel” and the subject parcel. The total
travel time (T) is then calculated as the sum of the incremental travel
times.

awi’*%
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Calculate T’ :

By applying the Pima County Hydrology Method to the on-site runoff
from the 60-acre parcel (assuming developed conditions), a time of con-
centration of six minutes is obtained. This cotresponds to a rise time,
T, on the synthetic flood hydrograph of 14 minutes.

Calculate T;":

Avalue of T,” = 53 minutes is calculated for the entire 4033-acre sub-
watershed at Point A (assuming fully-developed watershed condi-
tions), in the same manneras T;’ was caiculated for the 60-acre parcel.

Substituting T, ', and 1}' into Equation 2.1 yields:
3 :
T+ T =12+ 14 = 049.

L 53

Since this value is greater than 0.40, detention requirements would not
be waived for this development. in addition, if the value had been less
than or equal to 0.40, the detention requirement wouid only have been
waived if it could be demonstrated that the capacity of the reach of
Channel #2 located between Points B and C would be adequate to con-
vey the future 100-year fiood peak predicted to occur along this reach
which emanates from the drainage area situated upstream of Point B
(i.e., Criterion 2B, as described on page 4, must aiso be satisfied).
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2.4 Retention Feasibility Map

The Retention Feasibility Map included within this manual (Figure 2.2)isin-
tended as a general guide for the planning of retention systems whichinclude

* facilities for disposing of stormwater runoff into the subsurface (e.g., dry wells,
engineered basin floors, infiltration trenches, etc.). The information on soil
permeability rates is very generalized, and is not intended to be used for
design purposes. Rather, its intent is to provide an indication of the relative
teasibility of utilizing infiltration facilities for stormwater disposal. Percola-
tion tests will be required on a site-by-site basis to obtain permeability rates
which are to be used for fina! retention facility design. The permeability
ranges provided herein are for near-surface soils only (i.e., zero to five-foot
depths). Therefore, they are not applicable to dry-well systems, which typically
penetrate into deeper strata.
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Least Feasible

Very shallow soil depths, generally less
than 35" to bedrock.

Soils which generally have slow to
moderately slow permeability.

Soils which generally have
moderate permeability.

Soils which generally have moderate to
moderately rapid permeability.
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North 0) | 5 10 Miles
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25 Depth To Groundwater Map

Figure 2.3 provides depth to ground water information for eastern Pima Coun-
ty and the City of Tucson. This map is provided to aid the reader in assess-
ing retention feasibility with respect to the criteria regarding the proximity of
retention-facility disposal points to the groundwater table. This criteria may
be obtained from the Pima County Flood Control District, or the City of Tuc-
son Engineering Division. Figure 2.3 of this manual will be updated
periodically to reflect future changes in groundwater levels. Either the Of-
fice of the Pima County Engineer or the Office of the City Engineer should
be contacted to obtain any current updates to this map, as they become
available.

po29



Depth To Groundwater o

Tucson Basin and Avra Valley
Figure 2.3
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lil. Design Procedures and Criteria

This chapter provides certain procedures, equations, and data to be used
inthe analysis and design of detention/retention facilities. The topics addres-
sed herein consist of: 1)determination of hydrologic parameters; 2)design
of detention/retention facilities; 3)sedimentation impacts; and 4) criteria for
specific types of detention/retention facilities. The analysis methods

" presented within this chapter are to be applied to detention/retention facilities

which intercept runoff from drainage areas no greater than one square mile,
unless specific authorization to the contrary is granted by the appropriate
reviewing agency (i.e., either Pima County or the City of TJucson).

31 Hydrology

3.1.1 Precipitation

Table 3.1 of this manual provides a tabulation of one-hour precipitation
depths which are to be used in conjunction with the analysis and design

_ ot detention/retention facilities within Pima County and the City of Tuc-

son. The precipitation values provided within this table are to be used
with both the Pima County and City of Tucson methods for estimating
peak flows, as well as with the various analysis methods presented
within this manual. It should also be noted that the procedures
presented within this manual are strictly applicable only for those water-
sheds which will be controlled by detention/ retention measures that
have drainage areas which do not exceed one square mile in size.

3.1.2 Peaks and Volumes

Peak-discharge rates to be used in conjunction with the design and
analysis of detention/retention facilities shall be determined by use of
either the Pima County Hydrology Method or the City of Tucson Flood
Peak Estimator Procedure, whichever is applicabie. The rainfali values
used with these procedures shall be those provided in Table 3.1 of this

- manual.

Raintall Depths of Various Retumn-Period Events
for Watershed Areas Up To One Square Mile
in Pima County, Arizona

‘Rainfall Depth (inches)

Return Period
(Years) 1-Hour 2-Hour 3-Hour

2 1.10 1.25 132

5 150 . 180

10 190 217 2.28

25 230 262 2.76

50 2.70 308 324

100 300 342 360
Table 3.1
- 25




The total volume of runoff from a flood event shall be determined from Equa-
tion 3.1.

V = CyPpA
2

Equation 3.1

Where;

V =  runoff volume, in acre feet;

Cw = weighted runotf coefficient;

Pn, = n-hour precipitation depth, in inches; and,
A =  Watershed area, in acres.

Note: The methods of determining flood peaks and volumes presented
within this section are only applicable when no upstream detention
measures exist. If upstream detention does exist, then either Method
B of Section 3.1.3 must be used; or, computer modeling of the water-
shed must be employed.

3.1.3 inflow Hydrographs
Method A

The following method shall be used to generate synthetic flood
hydrographs for the purpose of flood routing, detention-basin design,
and other procedures contained within this manual which require
hydrograph analysis. This method is only applicable for watersheds
which a)are uncontrolied (i.e., no upstream stormwater detention ex-
ists); b)are hydrologically homogenous; and c)have a drainage area of
less than one square mile in size. '

1.  Peak Discharge (Qp), Runo* Volume (V), and Time of Concen-
tration (T) for the design flow(s) are to be calculated by the
methods descnbed wsthm Section 3.1.2 of this manual.

2. The hydrograph Rlse Tcme (T;) is determined in the followmg
manner:

a. ForT. < 60 minutes, read the corresponding value for
T, from Tabie 3.2.

b. ForT, > 60 minutes, determine T, from the following
equation:
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T = 07869 Py T
. R

Equation 3.2

Where;

T = hydrograph rise time, in hours;

To = time of concentration, in hours;

Pn = *n-hour precipitation depth, in inches; and,
P = ““precipitation depth at Te, ininches.

*n-hourrefers to the 2-, 3, 6-, 12-, or 24-hour precipita-
tion depths, where *‘n” should normally be the
smaliest of these values which is greater than T.

**P. is calculated by linear interpolation between the
calculated rainfall depths which bracket Te. (.9., if To.
= 25 hours then P is halfway between the 2-hour
and 3-hour rainfall depths).

Hydrograph coordinates (t, g, v) are calculated from the ratios pro-
vided on Table 3.3.

Where,

t = time from beginning of runoff, in minutes;

q = discharge at time t, in cubic feet per second (cts);
v = total runoff volume, at time (t), in acre-feet;

Qp =peak discharge of hydrograph, in cfs; and,

V = total runoff volume of hydrograph, in acre-feet.

For those cases where the hydrograph must be represented in
equal time increments (e.g., for reservoir routing), such in-
crements may be obtained either by interpolating between the
values determined from Step #3, or by reading the values from
a graphical representation of the hydrograph.




Hydrograph Rise Times for T < 60 Minutes
(T and Trare in minutes)

Te - T T T
5 136 a 319
6 14.2 34 323
7 150 35 330
8 158 36 335
] 166 37 34.2
10 175 38 347
1 181 39 35.2
12 187 40 360
13 194 41 366
14 199 42 37.2
15 20.7 43 378
16 213 44 384
17 219 45 387
18 225 46 393
19 231 47 400

20 237 48 404
21 245 49 411

22 250 50 418

23 25.7 51 42.2

24 26.2 52 429
25 270 53 433
26 276 54 437

44 281 55 445
28 288 56 450
29 283 57 454
30 209 58 463
31 307 59 487
32 313 60 47.2

Table 3.2 .
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Ratios for Generation of Pima County

Synthetic Flood Hydrograph
14" 9 \ A% 1721 a/Qp vV
0 0o 0 16 0545 067
0.1 0.025 0.002 17 0.482 0.707 .
0.2 0.087 0.007 18 0.424 0.742
03 0.160 0.020 19 0372 0.773
04 0.243 0.036 20 0.323 0.799
05 0.346 0.063 22 0.241 0.841
06 0.451 0.096 24 0.179 0875
0.7 0576 0.136 26 0.136 0.900
08 0.738 0.180 28 0.102 0917
09 0.887 0.253 30 0.078 0932
10 1.000 0325 | 34 0.049 0.953
1.1 0924 0.400 38 0.030 0.965
1.2 0.839 0.464 4.2 0.020 0973
13 0.756 0523 46 0.012 0979
14 0.678 0578 50 0.008 0.983
15 0.604 0.627 70 0 1.000
Table 3.3
Method B

For those cases where an inflow hydrograph must be determined from
a watershed which does contain upstream detention facilities, the
following simplified method may be employed. The method is
presented in example format, and considers only one detention basin
within the upstream watershed. If more than one upstreamn detention
basin exists, the same procedure should be applied in a systematic
tashion from the upstream-most detentior basin, downstream to the
point of interest. Referring to Figure 3.1, the foliowing procedures shall
be employed:

1.

Determine the outfiow hydrograph from the basin iocated at Point
B for the design storm under investigation. This information can
be obtained from the design analysis performed for the basin (if
available), or from the reservoir-routing method presented within
Section 3.3 of this manual.

Compute the flow travel time between Points B and A (i.e., TgA)
using the incremental time-of-concentration method presented
within Section 2.3 of this manual.

Generate a hydrograph (using Method A of this manual) for that
portion of the watershed upstream of Point A, but excluding that
portion of the watershed which drains into the detention basin at
Point B (i.e., excluding sub-basin B of Figure 3.1).
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Hydrograph Determination -
by Method B
Figure 3.2

Legend '

——— outflow hydrograph #1 from detention basin at Point B

—— hydrograph #2 at point A, with no contribution from sub-
basin B

- hydrograph at point A, considering contribution from entire
watershed (sum of hydrographs #1 and #4).
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4. The actual hydrograph at Point A is the sum of the hydrograph
generated from Step 3 of this procedure and the outflow
hydrograph obtained during Step 1, lagged by the travel time Tga
calculated during Step 2. This procedure is most easily ac-
complished graphically, as shown in Figure 3.2 of this manual.

3.2 Retention

3.2.1 Requin_ad Storage Volume

The volume of storage required to satisfy threshold retention criteria
shall be calculated by the foliowing method: '

V= _l(deev ~ Cwgy) P1A

12
Equation 3.3
Where,
Vp = storage volume required, in acre feet;

Cwgey = weighted runoff coefficient for urban (i.e., developed)
conditions;

Cway = weighted runoff coefficient for existing site conditions;

Py = one-hour rainfall depth for the 2-year or 5-year storm, as
determined from Table 3.1, in inches; and,

A= drainage area, in acres.

Note: Cwggey and Cwgy are to be determined from the Pima County or
City of Tucson hydrology procedures. However, estimates of these
runoff coefficients may be obtained from Table 3.4 of this manual only
for determining preliminary values of required retention storage. Addi-

tionally, the drainage area (A) in equation 3.3 refers only to the area be- -

ing developed (i.e., the on-site area).

3.2.2 Method of Disposal

The preferred method for disposal of retained runoff is by infiltration
into the subsurface. Various options for accompilishing this include dry
wells, engineered basin floors and trenches, perforated pipes, and land-
scape irrigation. Specific design criteria and references for these types
of facilities are included within Section 35 of this manual.

In locations where infiltration is not a feasible method of stormwater
disposal, additional detention may be required, as described in Sec-
tion 2.2, or pump systems may be used. Such systems will operate in
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such amanner that the retained stormwater will be slowly released from
the retention basin after natural runoff has ceased. Guidelines regard-
ing rates of release of runoff are contained within Section 22.

Runoff Coefficients

*P4 = one hour rainfall depth, in inches.

Runoff Coefficients Coefficients (Cw) for Various Degrees of Land Use Upon
(Cw) for Applicable Applicable Soi Types in Pima County and the City of Tucson
Retun | *P4 |Soil Types in Pima Co. (percent in parenthesis. amount of impervious cover)
interval and the City of Tucson
(10%) @0%) | @wMod. | MO%)Hw. | (G0%)
Rural Suburban Urban " Urban Comm./ind.
B ¢cpD (|B CcC DB CODBCODBCUDBCD
2year |11 |09 19 28 90(.17 26 34/.25 33 40|41 47 5366 69 71 B2 B3 B4
Syear | 15 |24 37 46 92|31 43 51|38 48 55|51 50 64|72 76 78|85 87 &
10year | 19 |37 50 59 94).43 54 83l 48 59 mrso 68 73|77 B1 84|88 90 91
25year |23 |47 59 68 95|52 £3 71|57 66 7366773 .79| 81 B4 67|90 91 82
S0-year | 27 |55 66 74 96|59 69 76|63 72 78|71 78 83|84 87 B9 92 93 94
100-year | 30 |80 70 .77 96|64 .73 79|67 75 B1|.74 BO 85/.85 B8 90/ 92 93 94
Table 34

3.3 Detention

33.1 Estimating Detention Storage Volume

The equations presented within this section are intended to provide
estimates of storage volume required for various types of detention
tacilities. The results obtained from applying these equations are not
suitable for design purposes. These methods are only intended to be
used for obtaining preliminary estimates of required storage volume, and
for providing a “starting point” for the reservoir-routing techniques
presented within the next section of this manual. The storage-volume
estimates obtained from Equations 3.4 to 3.7 can generally be expected
to yield values within +20 percent of the results obtained from detailed
reservoir routing. For this reason, it is recommended that a factor of 1.2
be applied to the values obtained from the equations, when assessing
preliminary site feasibility. A factor of 1.30 should be applied if signifi-

‘cant sediment inflow is expected in the basins. However, for design pur-

poses, the actual amount of additional volume required to account for
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sedimentation shall be determined by the method described within Sec-
tion 34 of this manual. Note that storage-volume estimates should be
calculated for both 100-year and 10-year runoff events since, in some
instarnces.me1o-yearmnnmaquuimmdetenﬁon-swragevolum
than does the 100-year storm. -

Figure 33 of this manual provides a graphical representation of the in-
fiowloutflow hydrographs which were utilized in developing Equation 34
to 3.7, For the sake of simplicity, and without the loss of significant ac-
curacy, the hydrographs used to develop these equations were
represented as triangles. However, for purposes of reservoir routing and
final detention-basin design, curvilinear hydrographs (as developed from
the methods described in Section 3.1.3) shall be used.

Type I: “Ondine” Detention Basin Without Retention

The simplest type of detention basin is one which is constructed “on-
line” (i.e., intercepting the entire flow from the upstream watershed), with
the invert of its outlet structure at the leve! of the basin ficor. However,
use of an “on-line” basin requires approval of the appropriate review-
ing agency. Equation 3.4 is the mathematical relationship to be usedfor
estimating the volume of storage required for this type of basin.

Vg=CyPtA | 1-0Qg
12 Q;

Equation 34

Where;

Vg = estimate of required storage volume, in acre feet;

Cw = weighted runoff coefficient of the upstream watershed for the
design storm under investigation; ' -

Py = t-hour rainfall depth for the design storm under investigation,
ininches;

A = watershed area, in acres;
Qp = detention basin outflow, in cfs; and,
Q; = detention basin infiow, in cfs.

Type I: “On-line” Detention Basin With Retehtion
_(Applicable only for watersheds of 100 acres or less).

This is a Type | detention basin, but which also serves as a retention facili-
ty i.e., retention storage is provided below the invert of the lowest outlet
structure. Equation 35 is the mathematical relationship to be used for
estimating the volume of storage required for this type of basin.
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p— 1 —
, 2
\ = CyPA 1-Q 1- Fn  (Cwgev - OWex) |
12 Q; 3Cy Pt
Equation 35
Where;

CwWgegy = Wweighted runoff coefficient fbr the proposed development, con-
sidering urbanized conditions for the n-year storm 2<nxgb)

Cwgy =  weighted runoff coefficient for the proposed development, con-
sidering existing conditions for the n-year storm 2<n<b5)

Ph = precipitation depth, in inches, for the n-year storm R2<nx<?H)

Symbols not otherwise noted are defined as in Equation 34.

Type liI: “Off-Line” Detention Basin

An “oftline” basin is located near or adjacent to a channel (i.e., the channel
does not fiow directly into the basin). Typically, inflow to the basin is accom-
plished by means of side weirs, or other overflow structures, and begins anly
after the channel stage reaches a minimum height. Stored water is returned
to the channel by means of a small-capacity outlet structure. This type of facility
may only be implemented adjacent to a prismatic channel which has been
stabilized both horizontally and vertically (eg., a concrete channel with a
trapezoidal or rectangular cross section). An off-line detention basin general-
lyhasﬁwadvanﬁgeofrequiﬂnglessstoragevolume.foracenain level of peak
reduction, than does an on-line facility. Equation 36 is the mathematical rela-
tionship to be used for estimating the volume of storage required for “off-line”
basins, which either may or may not include “off-line”’ retention.

Vg = CyPt A 1-Q | 2-0

Equation 36

Symbols not otherwise noted are defined as in Equation 34.
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Graphical Representation of Inflow/Outflow Hydrographs

for Type |, I, lll & IV Basins
Figure 33
S
P4
\
4
Time »
Legend
Inflow Hydrograph
—=—= Qutfiow Hydrograph

Vg Storage Volume Required For Detention
V, Storage Volume Required For Retention
Vg  Total Storage Volume (Vg +Vy)
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3.3.2 Outflow Hydrograph Determination (Reservoir Routing)

The outfiow hydrograph from a proposed detention basin shall be deter-
mined utilizing the storage-indication method of flood routing. Other very
similar hydrologic-routing methods, such as “modified Puls,” [30] may
also be utilized, provided that the method is first approved by the ap-
propriate review agency (Pima County or City of Tucson).

Following is a step-by-step description of the procedure which should
be followed in performing the storage-indication method of fiood routing.
Example 3.1 of this manual provides a practical exampie of the applica-
" tion of the method, as it would be solved by hand caiculation. However,
due to the amount and repetitive nature of the calculations invoived, por-
tions of this method are particularly suitable for computer application.

Storage-indication Method for Detention-Basin Routing

1. Compute both the “existing” and “urbanized” conditions fiood
peaks for the detention-basin location.

2. Develop the inflow hydrograph for urbanized conditions, using the
methods presented within Section 3.1 of this manual.

3. Developaninitial detention-basin configuration, using the storage-
volume estimates obtained from the equations provided within Sec-
tion 3.3.1 of this manual. An initial outlet-structure configuration
shouid be chosen using best engineering judgment.

4. Develop a stage-storage relationship for the assumed detention-
basin configuration.

5. Develop a stage-discharge relationship for the assumed detention-
basin/outiet-structure configuration. in this regard, the Federal
Highway Administration (FHWA) has developed numerous
hydraulic design nomographs which may be heipful in develop-
ing stage-discharge curves for culvert outlets [23 and 24). it should
be noted that the minimum HW/D ratio used in the FHWA

“nomographs varies between the values of 0.3 and 0.5. For deter-
mining outfiow values at lesser headwater depths, it is acceptable
to interpolate between a HW/D ratio of zero and the minimum value
provided by the FHWA nomographs.

6. Constructa storage-discharge relationship from the stage-storage
and stage-discharge relationship(s) obtained from Steps 4and5.

7. Selectaroutingtimeinterval (At). Fortheinitial estimate, this value
should be no greater than 0.1 times the rise time of the infiow
hydrograph (i.e., O.1T,). The inflow hydrograph must be discretized
using this time increment.

8. Prepare the working tabie and working curve, as shown in Exam-

ple 3.1. It may be convenient to plot the working curve on
logarithmic graph paper due to the wide range of values that
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generally need to be represented. Check the working curve toen-

sure that it does not exceed the *‘equal-values” line at any point

onthe curve. If it does exceed the “‘equal-values line, the routing

time interval (At) is too large. Reduce the routing time and repeat

Step 7. The “equal-values” line refers to the locus of points on the

working curve that satisfy the equatuon S/At +0/2 -0 =0 (see
' Example 31 Step 8) '

8. Prepare the routing table and perform the routing. The desired
outfiow hydrograph resuilts from this step.

10. f’repare a graphical representation of the inflow and outflow
hydrographs for each flow analyzed (e.g., 2-, 10- and 100-year
fiows).

This routing procedure (i.e., Steps 3 through 9) may need to be performed
numerous times, with different basin and outlet configurations, until the
required degree of multi-level, flood-peak reduction is attained.

Example 3.1

A neighborhood detention basin is to be designed in conjunction with
a 35-acre apartment development, which is proposed to be located within
a critical basin. As a condition of development, the regulatory agency
requires that peak flows must be reduced to 85 percent of the existing
2-, 10-, and 100-year peak values. Estimate the maximum required (i.e.,
100-year) detention-basin volume, choose an outiet configuration, and
perform the fiood-routing computations for the 100-year fiood event
(retention storage will be ignored for this example).

Step 1 - Compute the *“Existing’’ and “‘Urbanized’’ Flood Peaks

By application of the Pima County Hydrology method, the following
hydrologic data is obtained:

From Table 3.1 of this manual the one-hour, 100-year precipitation depth
(P1) = 300"
The Watershed Area (A) = 35 Acres.

Existing Conditions Urbanized Conditions
impervious cover = 10% impervious cover = 70%
basin factor (np) = 0.035 np = 0020
weighted runoff coefficient (C,,) = 065 Cw = 086

~ time of concentration (To) = 12 min. Te = Smin.
peak fiow (0100) = 173 cfs Q400 = 317 cls

Peak outfiow (Qg) from the detention basin for urbanized conditions, dur-
ing the 100-year flood must be limited to Qy = .85 (173) = 147 cfs.
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Step 2 - Develop the Design inflow Hydrograph

The following tabular hydrograph s obtained from the method presented
within Section313. -

Rise Time (T;) = 13.6 min.
Peak Discharge (Qp) = 317 cls

' Synthetic Infiow Hydrograph for Example 3.1

~ Time " Discharge “Time Discharge
(min) (cfs) (min) (cfs)
0 0 28 04
2 17 30 75
4 50 32 61
6 91 34 50
8 140 36 40
10 202 38 32
12 274 40 7
14 309 42 23
16 2r 44 19
18 233 46 16
20 198 48 14
22 169 50 1
24 140 52 9
26 15 54 8
Table 35

Step 3 - Estimate the Required Storage Volume

Equation 3.4 provides an estimate of the required storage volume for an
“on-line” detention basin without retention storage.

Vo= 1 CwP1A 1- 9.9
12 Qp
Therefore,
Vg = 1 (86)3)35) 1-147 = 40 acre-feet.
12 » 317
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By applying a factor of 1.2, the preliminary estimate, or.so-called *“first
estimate,” of storage volume becomes 1.2 x 40 = 48 acre-feet.

As a first approximation, a basin having a surface area of about two
acres, a bottom area of about 15 acres, 6:1 side slopes, and a depth
of three feet is chosen. A primary outlet structure, consisting of a two-
cell, five-foot-wide, three-foot-high concrete box culvert is also chosen.
This particular outiet structure will just convey the required 147 cfs at
a depth of three feet. Additionally, the basin will store about five acre-
feet of stormwater at a depth of three feet. . :

Step 4 - Develop the Stage-Storage Relationship

Based on the assumed basin configuration, a stage-storage relation-
ship is developed by calculating storage volumes for various depths in
the basin. This relationship can be expressed either graphically, or in
tabular form, as shown in Table 36.

Stage-Storage Relationship
for Example 3.1
Stage/Depth Storage

(ft) (af)

0 0
05 0.76
10 156
15 240
20 328
25 420
30 5.16

Table 36

Step 5 - Develop the Stage-Discharge Relationship

From hydraulic design charts prepared by the Federal Highway Ad-
ministration [23, 24}, a stage-discharge relationship is developed for the
assumed outiet structure (i.e., a two-cell, five-foot-wide by three-foot-high
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CBC). For conven
ship (see Step 6),

4 are used in Table 37.

Stage-Discharge Relationship

for Exampie 3.1

Stage/Depth ~ Discharge
(ft) (cfs)

0 0

05 9

10 30

15 55

20 85

25 115

aon 150

Step 6 - Develop the Storage-Discharge Relationship

ience in developing the storage-discharge u_alation-
the same stage increments that were used in Step

Table 37

By combining Tables 36 and 3.7, a storage-discharge relationship is

obtained as shown in Table 38.

Storage-Discharge Relationship
for Example 3.1
Stage/Depth Storage Discharge

(ft) (af) (cts)

0 0 0
05 0.76 9
10 156 30
15 240 55
20 328 85
25 4.20 115
30 516 150

Step 7 - Select the Routing Time Interval (A1)

At<01T \
01T = 01 x 136 = 136 min.

choose At = 136 min = 0227 hrs.

0047

Table 38
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Stopa-m”nthewmm

A working table for the routing time interval (A1) is pre
demonstrated in Table 39, ’

pared as

Working Table for Exampie 3.1
(At = 00227 hrs)
) (2 3) “ (5 ©) Y]
Stage/Depth | Outfiow (0) o2 Storage (S) S/at S/At + O

(1 (cts) (cfs) (cfs) (cts)

af (cfs-hrs)*
0 0 00 000 00 0 0
05 9 45 0.76 8.2 406 410
10 30 150 156 189 833 848
15 55 s 240 290 1281 1309
20 85 425 328 397 1751 1783
25 15 575 420 508 2242 2300
30 150 750 5.16 624 2755 2830

Table 39

42

*1af = 12.10 cfs-hrs

(2: from Table 3.7

@) = (22

4): from Table 36

(5) = (4) x 12.10

6) = (5YAt(Atin hours)
M= ©+Q

Step 8 (cont.) - Construct the Working Curve

The working curve is a graphical representation of the relationship be-
tween (S/At + 0/2) and O (from the working table). Generally, it is more
convenient to plot the working curve on logarithmic graph paper. The
line of “‘equal values™ should aiso be plotted. If the working curve ex-
ceeds this line at any location, a smalier value of Atshould be selected,
and Steps 7 through 9 repeated. The working curve for this example
is provided on Figure 34.

Step 9 - Prepare the Routing Table and Perform the Routing

The routing table and the routing procedure for this example is illus-
trated in Table 3.10. The results of the routing procedure indicate that
the 100-year peak outflow from the assumed detention would be 113
cfs, at a storage volume of 4.14 acre-feet. Since the requirement is to
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provide a maximum 100-year outfiow of 147 cfs, this basin configura-
tion is somewhat over-designed. Steps 3 through 9 may be repeated,
with modified basinfoutlet configurations, until an ophmum design is
achieved.

sup 10 - Prepare a Graphical chnunhtlon of the lnﬂow and
omﬂow Hydmgnphs

Astheﬁnalmp, agmphical representation of the inflow and outflow
- hydrographs, as well as the “‘existing conditions™ hydmgraphs should

be prepared as shown on Figure 35.
o Routing Table for Exampie 3.1 :
() (¢ (3 @) G  ©
Time Step - Time inflow S/at +0/2 | Outflow | Storage | Stage
' (cfs) (cts) (cfs) (af) ()
(hrs) (min) : .
0 0 0 0 0 0 0.00 00
1 00227 14 8 v 4 O+ 0.01 0.0+
2 00453 27 28 22 O+ 0.04 0.0+
3 0.0680 4.1 51 61 1 0.11 0.1
4 00807 54 4 123 3 0.23 0.2
5 0.1133 68 10 214 5 0.40 03
6 0.1380 82 144 337 7 0.62 05
7 0.1587 - 985 184 493 13 0.91 07
8 . 0.1813 108 235 689 22 127 09
9 -0.2040 122 282 | 925 34 ~ 1.70. 1.2
10 0.2267 136 317 1190 49 2.18 15
1 . 0.2483 150 ‘282 1446 64 2.65 18
12 0.2720 163 265 1661 77 3.04 20
13 02947 177 239 1836 88 3.36 21
14 03173 190 24 1975 96 3.61 2.2
15 03400 . 204 191 2081 102 3.80 23
1% 03627 - 218 172 2161 107 3.95 24
17 03853 231 152 2216 110 4.05 24
18 04080 . 245 134 2249 112 4.1 25
19 04307 258 17 2263 113 4.13 25
20 04533 272 102 2259 113 413 25
2 04760 - 286 88 2242 112 4.10 24
22 0.4987 299 76 2213 110 4.04 24
23 05213 313 66 2174 108 3.97 23
24 - 05440 - 328 56 2127 105 3.89 23
25 05667 340 50 2076 102 3.79 23
26 05893 354 43 2020 o8 3.69 2.2
44 0.6120 36.7 37 1962 95 3.59 21
28 06347 381 32 19801 91 3.48 21
Table 3.10 * = peak outfiow




Procedure Used to Develop Table 3.10:

i. Columns (2) and (3) are obtained from the synthetic inflow
hydrograph (Table 35).

2. Column (4) is calculated as follows:
(4) = previous (4) ~ previous (5) + [previous (3) + (3))/2.
For example, @ time step #5: 490 = 298 — 10 + 202.

3 Column (5): outfiow is obtained from the working curve (Figure 34)
for the corresponding value of (S/At + O/2).

4. Column (6) is obtained by interpolation between values on the

storage-discharge relationship (Tabie 3.8) for the corresponding
value of basin outfiow in column (5). ,

3.3.3 Principal Outlet Structures
Multi-Frequency Outlets

Due to provisions within both the Pima County and City of Tucson
Floodplain Management Ordinances which require attenuation of the
2-, 10-, and 100-year peak flows, multi-frequency outlet structures may
be necessary in the design of many stormwater detention facilities.
There are no standardized procedures for the design of an “‘optimum”’

multi-frequency outiet structure. The potential combinations of suitable

outlets for any particular basin are numerous, and limited only by the
creativity and experience of the engineer. Figure 3.6 provides three ex-
amples of typical multi-frequency outlet structures, consisting of com-
binations of orifices, weirs, standpipes, cuiverts, and spillways. The
minimum allowable pipe size for outiet structures is 12 inches in
diameter. However, orifice plates with smaller openings may be attached
to further reduce the flow capacity of a pipe. An alternative to this type
of “compound” outlet structure is the proportional weir. The proportional
weir has the unique characteristic of a linear stage-discharge relation-
ship. Properly designed, this allows for an outiet structure that serves
to attenuate the entire range of peak discharges between the design
frequencies. In other words, with the proportional weir, not only can the

2-, 10-, and 100-year peak fiows be attenuated to pre-development .

values; but so can the entire range of flows between the 2- to 100-year
fiood frequencies (e.g., 25-year, 50-year, etc.). Specific design criteria
for the proportional weir can be found in Sandvik [25) and French [22].

In all cases when multi-frequency flood detention is required, reservoir
routing shall be performed for the 2-, 10-, and 100-year frequency fioods,
at a minimum. The reservoir routing shall demonstrate that post-
development fiood peaks for these three fiow events are no greater than
pre-development flood peaks, as required by the applicable Floodplain
Management Ordinance of either Pima County or the City of Tucson.
Additionally, graphical representations of the infiow and outflow
hydrographs for the 2-, 10-, and 100-year flows shall be provided within
the hydrologic/hydraulic report. A
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Typical Multi-frequency Outlet Structures

100-Year W.S. 74

10-Year W.S. Vi

pipelculvert

100-Year Capacity

100-Year W.S.

10-Year W.S.
2¥ear W.S.
weir

pipe/culvert
10-Year Capacity

Figure 3.6

Proportional Weir

47



 Trash Racks

Trash racks shall be provided for all pipe and orifice outlets which are
24 inches or less in diameter, and for all grated outlet structures. Trash
racks shall be designed to be removabile, and have a surface area of
at least ten square feet. Openings in the trash rack should not exceed
one-half the area of the outiet pipe for mesh screens, or one-third the
diameter of the outlet for bar screens. The minimum opening should
be no less than one inch. Design of the trash rack should consider the
likelihood that unclogging may be necessary when the basin is filled
with water. Addiﬁonally.aeonaatepadismnmendedmundﬂwpor-
tion of the outlet structure to be located within the basin in order to
facilitate maintenance of the trash rack.

Erosion Control Downstream of Outlets

Adequate erosion-control measures shall be provided downstream of
outiets for detention/retention basins. Such measures should incor-
porate the criteria provided within **Drainage and Channel Design Stan-
dards for Local Drainage,” as prepared by the Pima County Department
of Transportation and Flood Contro! District [52].

Local scour at culvert outlets, as well as long-term channel degrade-
tion downstream of the basin, must be considered as an integral part
of the design of any stormwater detention/retention facility. in the case
of on-line detention basins, downstream channel response shall be
analyzed assuming no sediment is being suppiied from upstream
reaches. in many instances, this will result in the need to either install
grade-control structures at frequent intervais or to compietely line chan-
nels with non-erodible material downstream of detention facilities. Pro-
tection against local scour at detention-basin outiets shall be designed
in accordance with the criteria provided in reference {52] for scour at
culvert outlets. This includes such measures as cut-off walls, dumped
rock, and rock-ined basins. In.cases where velocities of flow at
detention-basin outiets exceed existing channel velocities, an energy
dissipator shall be provided to aliow flows to return to existing condi-
tions, to as great an extent as possibie, prior to exiting onto the
downstream property. ISR .

3.34 Embankments

It is recommended that, whenever possible, detention/retention facilities
shouid be constructed with the storage volume located entirely below
the natural ground surface adjacent to the basin. However, in some in-
stances this may not be possibie, and embankments may be necessary
in order to provide the required storage volume. Since the use of em-
bankments may create a potential downstream fiood hazard due to
taifure of the embankment, the following design considerations must
be addressed in conjunction with their use:
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State Dam Safety Requirements

The Arizona Department of Water Resources (ADWR), Division of Safety
of Dams, has legal jurisdiction over all dams (embankments) which ex-
ceeds certain height and storage limits. A “jurisdictional dam,” as de-
fined by ADWR, is * . . either 25 feet or more in height or stores more
than 50 acre-feet. If it is less than six feet in height regardiess of storage
capacity or does not store more than 15 acre-feet regardiess of height,
it is not in jurisdiction.”” The ADWR should be contacted regarding
specific dam-safety requirements in conjunction with the design of any
embankment which might come under their jurisdiction.

Emergency Spiliways

As the name implies, emergency spillways are provided for the safe
overfiow and/or bypass of incoming floodwaters should situations arise
that were not taken into account by normal design assumptions. Such
situations may include the blockage of the primary outlet structure(s),
or the occurrence of a storm event larger than that for which the basin
was designed. ~

' Emergency spiliway sections shall be incorporated into the design of

any detention/retention basins which employ embankments as a
mechanism for storing floodwaters. The function of the emergency
spillway shall be to ensure that floodwaters which might otherwise over-
top the embankment will exit the detention basin and flow downstream
in the same manner and direction as would have occurred under pre-
development conditions.

The design of emergency spillways shall incorporate adequate erosion
control and energy dissipating measures to ensure the stability of the
embankment. The minimum design standard for emergency spiliways
shall be the unatienuated 100-year peak discharge, as determined by
the Pima County or City of Tucson Flood Peak Procedures, for any em-
bankment which does not fall within the jurisdiction of the ADWR. Em-
bankments which do fall within the jurisdiction of the ADWR shall com-
ply with the applicable ADWR design requirements.

Seepage Through Embankments

The fiow of water through a pervious foundation produces seepage
forces as a result of the friction between the percolating water and the
so0il medium. As the water percolates upward at the toe of the embank-
ment, the seepage forces lift the soil by reducing its effective weight. in
certain cases, this *piping’’ of the foundation soil can resutt in the failure
of the embankment. Since this process occurs over an extended period
of time, it wili generally not be a problem with detention basins that drain
within a few hours. However, detention/retention facilities that are de-
signed for recreation and/or water re-use purposes, and therefore store
water behind an embankment for an extended time, shall be analyzed
for potential seepage problems. The analysis shall include an appropriate
soils investigation, h conjunction with flow-net or other suitable seepage-
analysis techniques. If the analysis indicates that potentially harmful

49



seepage through or underneath an embankment is possible, then ap-
plicable methods of seepage control shall be incorporated in the design.
Methods which have been successfully used to reduce seepage inciude
slurry trenches, sheetpiling, and concrete cut-off walls. .

An additional consideration is the seepage of retained runoff into solls
having shrink/swell characteristics, and seepage into collapsibile soils.
if structures are to be located adjacent to retention basins, then ap-

- propriate geotechnical investigations should be underwon which ad-
dress these items. -

3.3.5 Low-Flow Chennels

Low-flow channeis and sloped basin fioors should be incorporated in the
design of all “‘dry” detention basins in order to prevent any ponding of
nuisance water. Low-fiow channels should be designed with a minimum
longitudinal siope of 0.005 feet/foot, and should be designed with a
capacity to convey the pre-development 2-year fiood peak, if practical.
Concrete-iined low-flow channels may be designed with a minimum
longitudinal slope of 0.002 feet/foot. The basin fioor shall be graded to
drain either toward the low-flow channel or the outlet structure. The
minimum fioor siope shall be 0.005 feet/foot. ~

‘3.4 Sedimentation Impacts

3.4.1 Estimating Sediment Delivery

Deposition of sediment is an unavoidable consequence associated with
the construction of detention basins on natural watercourses within Pima
County and, to a somewhat lesser degree, the City of Tucson. in order
to mitigate the effects of sedimentation, detention basins must be de-
signed in a manner that incorporates additional storage volume which
will allow for a certain amount of sediment build up. Additionally, an in-
spection and maintenance schedule should be implemented to
periodically monitor sedimentation within the detention basm. and to
remove excess sedlment as necessary.

The additional storage volume which is to be incorporated in the design
~ of “‘on-line” detention facilities (see definition of “‘on-line” detention in
Section 5;Chapter 1), shall be determined from Equation 38. This volume
is approximately equal to ten times the average-annual sediment yield
from watersheds within Pima County and the City of Tucson, and roughly
one-half to two-thirds the sediment transport expected during & 100-year
flow event.




Vsp = S00ACp

Equation 38

‘Where;

Vgp = additional detention/retention-basin volume required for
sedimentation within an “on-line” facility, in cubic feet;

A = drainage area contributing to detention/retention basin, inacres,
and;

Cp = fractional portion of the drainage area which will be contributing
sediment. Areas which will not contribute sediment include all im-
pewiousareas,soddedmas,andotherareaswhichhavesurtaoe
treatments that prevent soil loss.

The additional storage volume which is to be incorporated in the design
of “oftline”’ detention facilities (again, see definition in Section 5, Chapter
1) shall be 75 percent of Vgp), as determined from Equation 38.

3.4.2 Methods for Contro! of Sedimentation

Sedimentation impacts upon detention/retention facilities shall be con-
trolled through a periodic inspection and maintenance schedule. in order
to facilitate future maintenance, permanent concrete markers shall be
installed at the level of the basin floor in order to define the limits for sedi-
ment removal. Additionally, graduated posts shall be installed at each
concrete marker o a height necessary for adequate delineation of the
upper level of sediment build-up, which corresponds to the additional
volume (i.e., Vgp) provided by Equation 38. At a minimum, sediment
build-up shall be inspected on an annua! basis, and shall also be in-
spected after any major inflow to the basin. Excess sediment shall be
removed from the basin at such a time that one-half of Vgp has ac-
cumulated. This ievel of sediment build-up shall be clearly marked on
the graduated posts installed within the basin. All sediment removed from
the detention/retention basins shall be disposed of either at an authorized
sanitary landfill or at any other suitable location approved by Pima County
or the City of Tucson. '

Sediment removal within a detention basin may be facilitated by the use
of a “sediment trap’ at the basin inlet, which will concentrate the ma-
jority of incoming bed load within a small portion of the facility. Sediment
traps should be provided in conjunction with all detention basins which
are intended as multi-use facilities. A conceptual sketch of a typical
detention-basin sediment trap is provided on Figure 3.7. Following is a
list of guidelines for the design of efficient sediment traps.

1. The additional sedimentation volume Vgp), as determined from

Equation 38, should be provided within the sediment trap at an
elevation below the invert of the inflow channel.
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Sediment Trap Concept
Figure 3.7

52

Xy 4




2. The length/width ratio of the sediment trap should be a minimum
of 2:1, with the length measured along a line between the inletand
outlet.

3.  Thebasin shape‘should be wedge-shaped, with the narrow end
located at the inlet to the basin (see Figure 3.7).

4. Provisions for total drainage of the sediment trap must be provided.

35 Criteria for Special Detentioanatention Methods

3.5.1 Surface Storage

Surface storage refers to any stormwater storage facility which detains
or retains runoff at ground level. Except in certain cases, when land-use
restraints may dictate the use of underground storage, stormwater
storage facilities within Pima County and/or the City of Tucson will rely
quite heavily upon surface storage as a means for satisfying deten-
tion/retention requirements.

Various types of detention/retention faciiities which utilize surface storage
include: \ '

Open Space and Common Areas.
Landscaped areas and common areas, which are typically provided in

- conjunction with higher-density residential development, afford an ex-

celient opportunity for on-site detention/retention. Positive drainage
toward the outlet structure(s) is especially important within this type of
facility in order to prevent the accumulation of standing water, and
therefore preserve the aesthetic appeal of such a facility.

Pedestrian Piazas and Courtyarnds.

Similar to the common areas of residentia! development, pedestrian

plazas and courtyards can be used for stormwater storage within com-
mercialfindustrial areas. Such facilities should be designed to avoid
public inconvenience, especially during frequent, smail-magnitude storm

~ events.

Roadway Embankment Storige. :
When feasible, use of roadway fill siopes as an embankment for a deten-
tion basin provides an economical means of stormwater storage. Special

. considerations must be given both to the stability of the embankment

and to the protection of the embankment from erosion. Additionally, State
of Arizona dam-safety requirements may need to be addressed if the em-
bankment height and/or the potential storage volume exceeds certain
limits (see Section 3.34).

Regional Detention Basins.

For the purposes of this manual, regional detention basins refer to storm-
water storage facilities which intercept the flow from an upstream water-
shed that has a drainage area greater than one square mile. Design of
such facilities within Pima County and/or the City of Tucson is intended




o0 be in conjuncticn with the implementation of basin management plans
prepared by, or under the direction of, the Pima County Fiood Control
District or the City of Tucson Engineering Division. in general, the criteria
and methods presented within this manual are not applicable to the
analysis and design of regional detention basins.

Listed below are certain criteria which will apply to the design of surface
storage detention/retention facilities that are planned to be located within
either the City of Tucson or Pima County:

1.

Grading of any surface storage facility shall comply with the re-
quirements specified within Chapters 1 and 4 of this manual.

Sedimentation within detention/retention basins shall be inspected
and controlied, as specified within Section 3.4 of this manual.

Maximum disposal times of stormwater runoff for detention/reten-

_ tion basins shall be as follows:

a. 12 hours for detention/retention facilities which intercept
runoff from an upstream watershed area whlch isuptoten
acres in size.

b. 24 hours for detentuonlmenuon facilities which intercept
runoff from an upstream watershed area that is greater than
ten acres in size.

Detention basins which do not incorporate stormwater retention
must provide positive drainage from all points within the basin to
the outiet structure. if areas of standing water deveiop over time,
regrading of the basin will be required to insure positive drainage.

A soils report shall be required in conjunction with the design of

-each surtace storage facility which utilizes infiltration as a method

of basin drainage. The report shall, as a minimum, address soil
classification, soil erodibility, soil permeability, slope stability, and
ground-water elevations.-

Outlet structures for detention facilities shall be constructed,
whenever possible, sueh that they are physically opposite inlet
structures.

No “on-line” detention facilities shall be permitted if any portion
of the wash is in a natural state upstrearn of the proposed basin,
orifthe upstream watershed is greater than 100 acres, uniess ap-
proval is first granted by Pima County or the City of Tucson.

Grated outlet structures shall not be overdesigned to account for
debris blockage and clogging. Rather, a debris screen or trash rack
shall be designed to prevent blockage of any outlet structure which
incorporates grates.
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8.  The Pima County or City of Tucson Parks and Recreation Dgpart-
ment should be contacted regarding the detention or retention of
runoff within any public areas.

10. Finished-fioor elevaﬁonsof structures shall be a minimum of one
foot above the 100-year water-surface elevation of any adjacent
detention/retention basin.

3.5.2 Parking Lot Storage

A special case of surface storage s the use of parking lots for deten-

tion/retention. The use of parking lots is an economical option for meeting
detention/retention requirements in high-density commercial and in-
dustrial developments. Planning of areas within a parking lot which will
accept ponding should be such that pedestrians are inconvenienced as
littie as possibie. Deeper areas should be confined to remote areas of
parking lots, whenever possible. The maximum depth of ponded water
within any parking lot location shall be one (1) foot. Drainage of parking
lots can be accomplished by means of dry wells (if permitted), curb open-
ings, weirs, storm drains, orifices in walls, gated outlets, etc.

The minimum longitudinal slope permitted within parking-lot storage
facilities is 0.005, uniess concrete valley gutters are provided. With con-
crete valley gutters, a minimum longitudinal slope of 0.002 may be
permitted.

3.5.3 Rooftop Storage
The use of roottops as storage areas for runoff is not an acceptable

method of meeting the detention/retention criteria of either Pima County
or the City of Tucson.

' 3.5.4 Underground sibfage

This type of storage involves the construction of underground tanks,
pipes, or vaults which accept stormwater runoff by means of storm-drain
pipes and catch basins. Due to the high cost of of this type of installa-
tion, itis generally limited to high-density developments, where surface
storage is not feasible due to either the scarcity or high cost of land, or
both.

‘ Underground storage facilities must be provided with some method of

drainage (e.g., gravity drains, pumps, or infiltration). in all cases, man-
holes (or some other means of access to the underground storage
facilities) must be provided for maintenance purposes. »

3.5.5 Subsurface Disposal

Methods for underground disposal of stormwater runoff which have been
successfully used throughout the country include slotted drains, infiltra-
tion trenches, and engineered basin floors. The analysis and design of
these methods is well documented within a Federal Highway Administra-
tion publication entitied Underground Disposal of Stormwater Runoff
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[57). This publication is available from the offices of both the City and

County Engineer and from the University of Arizona library. The engineer

engaged in the design of such facilities is referred to this publication for

specific design criteria. A conceptual sketch of a typical engineered-
_ basin-fioor installation is provided on Figure 38

Due to the generally deep groundwater levels and permeability of sub-
surface strata within the semi-arid southwest, the most common method
of sub-surface disposal of stormwater, historically, has been by the use
of dry wells. Figure 39 provides an example of a typical dry-well
instaliation. ‘

Bottom of Retention Basin~ / Filter Fabric
=ue L SRS SRS

Conceptual Cross Section
Engineered Basin Floor

Figure 38 | =k

The following list of requirements and criteria shall be utilized in the
design and construction of dry wells (or other methods of subsurface
disposal of stormwater). The reader is also referred to current dry-well
policies adopted by both Pima County and the City of Tucson.

1.  Theinfiltration surface of the subsurtace disposal facility must be
. located a specified minimum distance from the static groundwater
table, both horizontally and vertically, depending on the type of
development proposed. The Pima County Flood Control District
~or the City of Tucson Engineering Division shouid be contacted

for specific criteria regarding this item.

2. The design of dry wells must include provisions for trapping sedi-
ment within a settling chamber. This measure will significantly in-
crease both the efficiency and useful life of the well. Once a year,
at a minimum, the settling chamber shal! be inspected, and it shall
also be inspected after any major inflow to the dry well. Sediment
shall be removed from the chamber at such a time that approx-
imately one-half of its capacity is filled. This level of sediment build-
up shall be clearly marked on the inside of the settling chamber.
All sediment removed from a settling chamber shall be disposed

_ of either at an authorized sanitary landfill or at any other suitabie
location approved by Pima County or the City of Tucson.

3. Atest well shall be instalied for any retention facility utilizing dry

wells for stormwater disposal. This test well may then be utilized
as one of the functioning dry wells within the retention facility. For
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Cast klron Ring and Grate

Debris Screen

Settling Chamber

Asbestos Conc. Overflow Pipe

-

Precast Conc. Liner

Fiber Membrane

PVC Pipe

Gravel Drainfill

injection Screen

Typical Dry Well Installation
Figure 39

Courtesy of McGuckin Drilling, Inc.
‘Phoenix and Tucson, Arizona
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purposes of design, the “initial”’ well-injection rates (determined
from the test well) shall be muitipiied by the factor 05 in order to
establish “‘aged"’ welkinjection rates to be used for purposes of
determining the required number of dry wells uttimately needed

within the facility.

Infiltration rates of dry wells, infiltration trenches, or engineered
basin fioors shall not be used as outfiow rates in flood-routing pro-
cedures. Any detention/retention basin which relies solely upon
infiltration as its method of drainage shall be sized to contain the
maximum storage volume that would be required without con-
sidering an outfiow rate.

Disposal methods which utilize infiltration shall not be permitted
for stormwater runoff which carries significant concentrations of
sediment. This includes stormwater runoff fiowing through sand-
bed channels, as well as stormwater runoff emanating from a
predominantly natura! watershed.

During site development, all dry wells shall be securely covered
with filter cloth or other materials to prevent the introduction of ex-
cessive sediment into the settiing chamber.

Retention of runoff emanating from industrial developments and
infiltration of runoff to the sub-surface will be handled on a case-
by-case basis by the appropriate reviewing agency.

36 Basin Design Requirements

Requirements regarding basin side slopes, depths, security barriers, and use
of muitipie basins are provided below. These requirements are reiterated and
expanded upon in Chapter 4, Section 4.3.1, where they are given in conjunc-
tion with guidelines for pian-view basin shapes, design of muttipie basins, basin
screening, and design of inlet and outlet structures. Refer to Section 43.1 for
illustrations exempilifying these requirements.
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3.6.1 Basin Side-Slopes and Depths

Varying side-slope gradients shall be provided for basins one acre and
larger. Smooth transitions must be provided between grades, and the -
recommended horizontal distance for each slope gradient should vary
by at least two feet (exampie: 3:1, 5:1, 7:1). Continuous uniform slope:
shall not exceed 20% of the basin perimeter. -

In basins containing human-activity zones, access slopes of 8:1 or fiat-

* ter must be coordinated with these zones. There shall be a maximum
of 100 fe€t either to the base of an access slope or to a 4:1 basin
side-slope.

Transitioris from slopes to level ground at the top and bottom of basins
shall be smooth curves.




The following slope/depth ratios are required for multi-use basins:

1) A maximum of 2:1 for protected side-slopes and 3:1 for un-
protected siopes, where depths are less than three feet;

2) - Amaximum of 4:1, where depths are equal to or greater than three
feet.

A benched configuration is required for basins in excess of six feet deep.
Benches within basins shall be proportioned so the bench width is at
least three times the height of the siope above it, measured from the
lowest point on the top of the slope above the bench. The minimum
width of a bench shall be six feet.

The maximum depth to first bench, or basin floor, shall conform to the
previous siope depth ratios.

All detention basin floors must be graded to drain.

3.6.2 Security Barriers

Basins designed in accordance with the requirements contained in this
manual should prelude the need for fencing, such as chain-ink. However,
in the following instances security barriers are required. These barriers
may consist of vegetation, masonry, wood, or chain-link. Vegetation, or
a combination of vegetation and structural materials, is preferred.

Security barriers must be provided at the top of all basin slopes steeper
than 4:1, where water depths exceed two feet.

Vegetative barriers must be of a width equal to or greater than overall
height, with density sufficient to restrict access. If vegetative screening
is to be used, plant materials must be in place and established at the
time the occupancy permit is requested.

A minimum 42-inch barrier height is required for all basins.

Detail sections of proposed fences, if required, are to be shown on pav-
ing and grading plans or development plans, as appropriate.

Local, private-basin fences must be 42 inches, or higher, on any side of
basin where buildings or other restrictive structures are within five feet
of the basin, and have no points of exit or entry into the basin area.

Fencing, if required, shall not restrict the hydraulic capacity of structures.
Railings must be provided, as required by the Uniform Building Code,
for retaining walls on any inlet and outlet structure headwalis and
wingwalls.

Signs must be provided to inform the public of the basin purpose, and
the potential safety hazard from stormwater detentiorn/retention.



363 Multiple Basins

Where the single-basin depth required exceeds ten feet, or where the
basin volume exceeds S0 acre-feet, multiple basins shall be used or
guidelines from the manual entitied *‘Guidelines for the Development of
Regional Multiple-Use Detention/Retention Basins in Pima-County, ) _
Arizona” shall be employed. '
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IV. Multiple-Use Concepts and Aesthetic
Design Guidelines |

This chapter addresses aesthetic considerations of detention/retention basin
design primarily with regard to multiple-use concepts, grading, and landscap-
ing. The goal of all detention/retention basins is to be multi-use, regardless
of size. Multiple-use alternatives are presented, as well as guidelines for basin
siting and surface treatments. Requirements previously listed in Section 3.6
regarding basin grading, use of multiple basins, and security barriers are also
expanded upon and iliustrated in this chapter.

4.1 Basin Siting

Location of retention/detention basins can influence effectiveness in controliing
stormwater, potential for use by surrounding residents, and perception of the

- site as an amenity.

Guidelines for siting are presented here for the most commonly observed and
recommended basin locations. Thes